ABSTRACT: In the Mediterranean Sea, the contribution of picophytoplankton to primary product~on varies from 31 % (Straits of Messina, with an average total production of 0.18 mg C m-3 h-') to 9 2 % (Ionian Sea, with an average of 1.64 mg C m-3 h-'). Although studies have used different methodologies, the contribution of this small phototrophic fractlon to whole " C assimilation seems to be more important in oligotrophic off-shore waters (71 %) compared to the neritic ones (44 %). Diluting effects of fluvial waters (Adriatic Sea) and hydrodynamic phenomena (Straits of Messina) probably influence the physiologic activity of these populations. Picophytoplankton contribution to primary production in brackish and eutrophic environment is clearly lower than in marine waters both in terms of chl a and of 14C assimilation. Reports of cellular abundance (Cyanobactena and eucaryotic cells) ranged from 105to 10' cells 1-' with a mean value of 10' showing no difference between seasons and suggesting a state of particular equilibrium for this population in the planktonic community. Recent data on prochlorophyte cellular density are of the same order of magnitude (107 cells 1-l) of other picophytoplanktonic procaryotic and eucaryotic organisms.
INTRODUCTION
The presence of extremely small algae in marine environments has been known since the beginning of this century, and Lohmann (1911) coined the term 'nanoplankton' for those algae that escaped through the meshes of common phytoplankton nets.
The term 'picoplankton' was introduced by Sieburth et al. (1978) for those organisms that can pass through 2.0 pm membranes and that are retained by filters with 0.2 pm porosity. Due to their small size, description of their internal and external structure required electron microscopic (EM) techniques. Data gathered using EM techniques not only allowed precise definition of the morphology of Cyanobacteria and eucaryotic algae, as Prasinophyceae and Chlorophyceae, but also confirmed the hypothesis that photosynthetic picoplankton, or 'picophytoplankton' as proposed by Fogg (1986) , is composed of both procaryotic and eucaryotic cells characterized by their autofluorescence (Johnson & Sieburth 1982) .
In the present work, the term picophytoplankton will be used for procaryotic and eucaryotic organisms with dimensions inferior to 3.0 pm which carry out oxygenic photosynthesis independent of their taxonomic position; the term indicates both their dimensions (pico) and their function as autotrophs (photoautotrophs).
Using the flow cytometry technique in the last 5 to 6 yr very small (diameter 0.6 to 0.8 pm) red fluorescing cells have been detected near the bottom of the euphotic zone (Chisholm et al. 1988 , Li & Wood 1988 , Neveu et al. 1989 in the Atlantic and Pacific Oceans and in the Sargasso Sea. These organisms, classified as picophytoplankton because of their size, were de-scribed as coccoid procaryotes and assigned to Prochlorophyta on the basis of their pigment composition (divinyl-chl a and -chl b, alpha-carotene and zeaxanthin) which 1s different from that of other picoplanktonic procaryote and eucaryote cells. Their presence during winter in the Mediterranean Sea has been ascertained by Vaulot et al. (1990) . The study of these organisms and their role in the Mediterranean ecosystem therefore offers a new and promising research branch.
Compared to the great number of results published worldwide on distribution and ecology of picophytoplankton, information on regional (different basins) and temporal (annual cycles) distribution of biomass and production in the Mediterranean Sea is very scarce, ar?d ever. less is known about the role played by picophytoplankton in this ecosystem and in the marine food web.
The present work reviews mainly the results available on I4C assimilation, chl a and cell abundance; further research will hopefully focus on ecophysiological aspects. gathered during the last 10 yr in different areas of the Mediterranean Sea. The values are reported chronologically and grouped according to the areas and cruises. Both surface and euphotic layer sampling were considered, including coastal and off-shore areas with different trophic levels.
In order to separate different fractions, filters with 25, 5 and l pm porosity were used in some studies (e.g.
Ibarra 1981), w h~c h makes it difficult to compare the results with those obtained using 2.0 pm filters. Similar problems exist when comparing other studies (Berman et al. 1984 , Chepurnova & Gutveyb 1988 , Gilmartin & Revelante 1988 , Raimbault et al. 1988a ) for which filters with meshes measuring 2.5 pm (Chepurnova & Gutveyb 1988 ) and 3.0 pm were used. In terms of biomass and prirnary production, thc present wcrk groups the fraction <3.0 pm and one measuring <2.0 pm used by almost all authors from 1990 on. It would be useful to estimate the contribution of the 2.0-3.0 pm fraction, however, the fraction measuring 1.0-0.2 pm seems to represent about 85 % of the total picophytoplankton production and biomass (e.g. Decembrini & Magazzu 1990) .
RESULTS AND DISCUSSION
Contribution of picophytoplankton to Most studies concerned the Western Basin; data primary production from 3 sites of the eastern areas of the Mediterranean exist and 3 works were carried out in Adriatic waters
The contribution of picophytoplankton to primary (Fig. 1) . Three studies were conducted in brackish production ranges from a minimum of 31% in the Sicilian environments. Finally 1 article (Berland et al. Straits of Messina, an area with strong hydrody-1990) describes the presence of picoplanktonic cells in namism where the average value of total primary prodeep (120 to 150 m) and ultraoligotrophic waters of the duction is 1.19 mg C m-3 h-', to a maximum of 92% Eastern Basin, but does not mention numerical data on in the Ionian Sea, off the Sicilian coasts where the this fraction.
average value of primary production is 1.73 mg C m-3 Table 1 lists all the values concerning primary proh-'. The relative contribution of picophytoplankton to duction, biomass and cellular density that have been primary production in the Mediterranean Sea seems to be more important in off-shore waters than in coastal waters; this is in accordance to Li & Platt (1987) who in the world's oceans found a higher con-
L5'
tribution in oligotrophic waters and a lower one in nutrient-rich waters. Furthermore, picophytoplankton activity is generally higher far from bloom time, a U) ' period when the fraction >2.0 pm seems to prevail. 
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3 , '~ reaches 71 % in pelagic environments (P) and drops to 44 % in neritic environ- Fig. 1 Mediterranean Sea: location of studied areas for picophytoplankton ments (N). When total picophytoplank-ton (0.5 to 2.0 pm) is divided into fractions: the portion measuring from 0.5 to 1.0 pm (probably Cyanobactena and Prochlorophytes) is much more productive, whereas the portion measuring from 1.0 to 2.0 pm (probably the eukaryotic fraction) is less active (about 10 to 15 %) but constant in most of the studied environments (Magazzu et al. 1989a ).
The results obtained in the Straits of Messina deserve some particular consideration. The contribution of the ~1 . 0 pm fraction of picophytoplankton measured during the different cruises ranged from 31 to 92%. Such a broad range could be ascribed to the varying chemico-physical conditions in the Straits of Messina where strong nutrient-rich upwelling currents (Vercelli & Picotti 1926 ) from the Ionian Sea alternate with superficial P-and N-poor waters from the Tyrrhenian Sea. Sampling was carried out in conditions of strong turbulence (1982) and in the core of Tyrrhenian waters (1986) which formed the surface layer.
Contribution of picophytoplankton to biomass and cellular density
The biomass values, expressed as chl a, are as variable as 14C assimilation values and range from 28 % in the Straits of Messina to 85 % in the Northern Adriatic Sea. Generally, when the concentration of total biomass increases rapidly, the picophytoplankton contribution tends to augment slowly. Particularly in oligotrophic waters with low chl a values (<1.0 pg 1-l) the smallest fraction forms a high percentage of the total biomass, whereas it decreases in eutrophic waters where the contribution of bigger oganisms furnishes more chl a. Raimbault et al. (1988a) suggested that the different size-fractions exhibit different maximum stocks, with chl a concentration of each size class not exceeding maximum values of 0.5, 1.3, 2.0 pg 1-' for the fractions measuring < l pm, < 3 pm and < l 0 pm, respectively. Such results support a hypothesis that the picophytoplanktonic biomass is stationary, whereas temporal variations in total biomass are due to larger cells. In this regard, it is noteworthy that one of the first studies realized in Mediterranean waters reported a mean contribution of 22 to 25% of the < l pm fraction to the total biomass independent of sampling period and hydrographic conditions (Ibarra 1981) .
A limited amount of data is available on the vertical distribution of picophytoplankton. Delgado et al. (1992) described the vertical distribution of chl a and the picophytoplankton contribution in the Northwestern Mediterranean Sea. Data exist from the Algerian Basin and Ligurian Sea (Raimbault et al. 1988a) , the Adriatic Sea (Gilmartin & Revelante 1988 ) and the Straits of Messina (Magazzu et al. 1989a) .
Taken together, these data, obtained in conditions of marked or moderate water stratification, suggest the presence of 2 distribution models. In the first model (Raimbault et al. 1988a) , the minimum contribution of the picophytoplankton fraction is situated at the maximum chl a concentration, whether superficial, subsuperficial or deep. The same conclusion is suggested by the results obtained by Delgado et al. (1992) stating that the picophytoplankton contribution to biomass (illustrated in Fig. 9 of the article) seems to be always lower at the Deep Chlorophyll Maximum which is located between 45 and 50 m. The second model (Gilmartin & Revelante 1988 ) is based on results obtained in the Adriatic Sea under stratified water column conditions and states that 'picoplankton dorninates in subsurface chl-maximum' and that it 'is caused by increases in this fraction' (<3.0 pm). This is in contrast to the cell abundance and total cell volume prevailing in the superficial layer. Even if the authors explain this difference between vertical chl a distribution and cell abundance by the presence of 'differences of technical bias in epifluorescent enumeration', the discrepancy with the first model (Raimbault et al. 1988b ) is apparent.
In the Straits of Messina, the situation is more complex because of the particular hydrodynamics due to tidal currents which induce strong upwelling phenomena which bring colder and saltier intermediate Ionian waters to the surface. The upwelling produces a strong turbulence within the whole water column; in these conditions vertical distribution patterns of the picophytoplankton were observed that could be based on either of the 2 described models: the chl a maximum is generally present between 25 and 50 m and undergoes vertical changes depending on the intensity of upwelling of the deep waters. The maximum contribution of picophytoplankton to total biomass alternates its position but is generally located in superficial waters and occasionally at deeper levels where the deep chl a maximum is situated. In both cases, induction and maintenance of the intense production of the system seems to be due to the effects of biostimulation due to the upwelling of nutrient-rich waters. In any case, it is always the upwelling that regulates the raising and lowering of thermocline and of the layers where the 2 maximum values are measured (total chl a and percent of picophytoplankton biomass) that depend on the different residence times of upwelling waters in the euphotic layer.
Considering the results as a whole (Table 2) , the mean value for chl a is 59%, and there is a small difference between pelagic (57 %) and neritic (64 %) environments. The cellular densities reported range from 2.0 X 105 to 1.4 X 10' cells I-' and show a mean value of 2.0 X 107 cells 1-l. While reports give a range of 3 orders of magnitude, most values were around 107 and supports the hypothesis of the existence, in marine waters, of a stationary equilibrium of these organisms.
Most of the published works mainly refer to the Cyanobacteria cells, and the eukaryotic component appears to be at least 1 order of magnitude less abundant (Delgado et al. 1992 ). This assertion seems to be supported by the fact that the 0.5-1.0 pm portion (presumably prokaryotic) shows a higher percentage of biomass and 14C assimilation (Decembrini & Magazzu 1990) .
Finally, Prochlorophytes have been found in densities of ID7 cells 1-' in different environments and seasonal periods (Vaulot et al. 1990 , Li et al. 1992 . It is interesting to note that these small organisms, that are 1.6 times more abundant than Synechococcus (Vaulot et al. 1990) , may represent 60% (in chl a) of the total prokaryotic component and show a vertical distribution with the maximum density (5 X 107 cells I-'; Vaulot et al. 1990 ) at the sea surface differing from that observed in the oceans (Chisholm et al. 1988 ).
Picophytoplankton in brackish environments
The contribution of picophytoplankton studied during an annual cycle in 2 brackish eutrophic environments in Sicily (Lakes Faro and Ganzirri) turned out to be clearly lower than in marine waters both in terms of chl a biomass (11.7 %) and of 14C assimilation (19.3%) (Magazzh et al. 1989b) . These low percentages are in agreement with previous results (Table 1) (Platt et al. 1985 , Acosta et al. 1988 ).
In such environments this important decrease could be due to the competition between organisms of different size in assimilation and utilization of nutrients. According to Fogg (1986) , in oligotrophic waters, picophytoplankton are able, due to larger cellular surfaces, to assimilate nutrients more efficient!^ than bigger phytoplanktonic organisms. The latter, however, seem to possess a higher assimilation kinetics in environments where nutrients are abundant, as in the eutrophic ones. Furthermore, the fact that for the smaller fraction the ratio P/B is always higher (Decembrini & Magazzh 1990) Despite the difficulties of comparing studies based on different methodologies, the results available on the Mediterranean Sea confirm that picophytoplankton are ubiquitous in these waters and that values on production, biomass and cellular abundance correspond to data obtained in the world's oceans (Stockner & Antia 1986 , Li & Platt 1987 . The contribution of the fraction ~2 . 0 pm to the total primary production is more important in oligotrophic off-shore waters, compared to phytoplankton >2.0 pm, reaching a mean percentage of 71 % in pelagic areas and dropping to 44 % in neritic waters. In agreement with the observation of Raimbault et al. (1988b) the ~2 . 0 pm fraction rarely exceeds certain levels in temperate Mediterranean waters; therefore, seasonal variations in biomass and primary production are to be ascribed to the nano fraction (20-2 pm) and eutrophication phenomena to the netphytoplankton cells larger than 20 pm.
The extremely small dimensions of these organisms favour their neutral buoyancy and therefore offer the possibility of providing nutrients through molecular diffusion (a mechanism able to replace consumed nutrients within the water microsphere surrounding the cell) or through the microbial food-chain processes described by Goldman (1984) . Furthermore, the higher cellular density (107 cells 1-l) which is doubled when procaryotic organisms belonging to Prochlorophytes are included, and the augmented cellular surface probably permit a more efficient supply of nutrients compared to the bigger fraction.
Data available on biomass and production do not permit conclusions on a possible seasonal cycle showing differences between summer and winter. However, the quite stationary cellular abundance around 107 cells 1-' throughout the different seasons suggests that physiological mechanisms or some form of inhibition, or grazing itself, are active in regulating its development.
Based on the title, this book invites comparison with existing titles on protistan ecology such as Fenchel's Ecology of Protozoa or Capriulo's volume on the Ecology of Marine Protozoa. However, it is aimed at a very different audience and contains a different mixture of information. Protozoan Plankton Ecology is meant as an introduction to the topic for advanced undergraduates, beginning graduate students and researchers unfamiliar with protists.
As the use of term 'protozoa' might imply, autotrophic protists are not treated. An introduction to the groups and roles of heterotrophic and mixotrophic forms in both freshwater and saltwater systems is the stated goal and the book is very clearly destined to be used in the classroom. The first chapter is a brief introduction to the basic physical characteristics of lakes, estuaries and oceans (streams and rivers are ignored throughout). The major groups of protists (ciliates, 'flagellates', sarcodines) are then introduced. Basics of protozoan physiology (metabolism, growth, nutrition, excretion) are covered in the third chapter. The next 2 chapters treat 'distribution and occurrence' in lakes and saltwater systems. Rather oddly, the functional role of protozooplankton comes last.
The level of the text, approximately first year university biology, can be viewed as an advantage or disadvantage. The book is accessible; for example, a glossary is not needed to follow the text. However, much of the material is presented simplistically or strangely, and some important topics are neglected. A case in point is ciliate feeding. Data from Verity's (1985) study of tintinnid feeding, which shows a decrease in clearance rate with food concentration (classic curvilinear functional response), is presented as a n example of 'optimal foraging' among protozoa. I think it is stretching things a bit to call declines in filtration rates with increases in food concentration an 'ability to modulate the filtering rate (that) ensures that energy is not wasted by filtering at an unnecessarily high rate when food is abundant'. Such a divergence is included while the physiology and anatomy of feeding in protists, which after all distinguishes them from bacteria with extra-cellular digestion and metazoans with gut tracts, is not presented.
The book, like many first editions, has more than its fair share of mistakes: a n upside-down Strombidium, inappropriate figure legends (concentrations of chlorophyll a as 1" production), etc. The graphics leave much to be desired -many appear to have been assembled by hand. These may be petty details, but for me they can spoil the pleasure of reading a new book.
Despite It's big, it's yellow, and it's not cheap -so do you need it? This collection of methods can serve as a very useful introduction to almost any method one cares to name (even and especially the most esoteric) and there's the rub -only an introduction and a recipe. The chapters, each by separate authors, represent a single method. Thus, the topic of 'bacterial production' is covered by separate authors presenting the measurement of RNA and DNA synthesis, ATP turnover, 3H-THY (planktonic), 3H-THY (benthic), 3H-LEU, etc. For most of the chapters, there is little or no attempt to critically examine the method nor are all the assumptions involved necessarily presented. Some very basic methods are not included as separate chapters (e.g. choices of fixatives for protists, or DAPI stainingdespite the fact that we are still not sure what those little blue dots really represent). However, one will find 2 chapters on flow cytometry as if a researcher, after reading, might run out and buy one or perhaps have an unused flow cytometer laying about.
In my view, the book is a great catalogue and introduction to the literature. The editors somehow managed to pull together a staggering quantity of methods. The book is well worth its price but don't expect 'Methods This volume consists of 143 papers authored by speakers invited to the 6th Microbial Ecology Symposium. The papers cover an enormous range of topics. Each of them serves as a tasty hors d'ceuvre, pleasing the palate but frustrating the appetite because they are all short (3 to 5 pages), really little more than extended abstracts with abbreviated bibliographies. The value of such a collection of papers to individual workers will likely depend on the number of papers of interest. So, rather than trying to mention who a n d what is incllrded and who is not, topics covered and the number of papers which appear are listed below, following the editor's arrangement. 
